Dosimetric properties of gamma irradiated Isoniazid (IS) were investigated through Electron Paramagnetic Resonance (EPR) spectroscopy. While unirradiated IS presented no EPR signal, irradiated IS exhibited a significant EPR spectrum at room temperature. Some EPR parameters of obtained experimental spectrum were calculated. In order to describe the variation of EPR signal intensity with absorbed radiaiton dose, several mathematical equations were tried. It has been determined that the best fit of IS sample is with polinomial function (R 2 = 0.9675). Moreover time dependency of the intensity of the EPR signal of the irradiated sample was analysed to study the stability of the free radicals.
INTRODUCTION
In the changing and developing world conditions, the radiation energy is benefited from for different purposes. While aiming to use the radiation for the benefit of humans, to preserve the public health for now and future is the initial condition [1] . In the early 1970s, radiation applications at high doses were applied on drugs. This situation usually caused undesired colour, odour, viscosity and chemical changes. In the light of the developments in the sterilisation processes, 10 -6 SAL (Sterility Assurance Level) can be attained now by applying a lower radiation dose [2] .
Nowadays, sterilisation by irradiation method is used to increase the hygienic quality of the drugs and food [3] [4] [5] . Due to the very high penetration properties of gamma radiation, sterilisation by irradiation method can be applied to the samples even after the packaging, and also it does not leave any chemical residue [6] . Furthermore, the sample sterilised with gamma does not obtain radioactive characteristics, and an increase in its temperature does not occur [7] . Besides these advantages, gamma irradiation also has some disadvantages due to their high energies. The first of these is that they create new radiolytic products in the product to which gamma radiation is applied, and the second one is that irradiation regulations differ from country to country [8] . For this reason, the consumers would like to know whether the products they consume have been exposed to radiation; if they have, how much dose has been applied [9] . Within this context, determining the radiosensitivity of the drugs is gaining considerable importance. EPR spectroscopy is accepted to be one of the preeminent methods in determining the radiosensitivity of the drugs and food samples [10] [11] . The radiosensitivity of many drugs and food samples was examined by using EPR spectroscopy. In their study in which Ghelawi et al. examined the radiosensitivity of the irradiated date stones; it was reported that 25% of the agricultural products in the third world countries would spoil before they reached the markets [12] . In the EPR examination of sulphathiazole sample irradiated with gamma, which is an antibacterial drug, g = 2.0045 and the ∆H value was calculated as 5.2 mT [13] . Basly et al. examined the decaying of EPR signal intensity of the cefoperazone sample irradiated with gamma in time. It was calculated that the 77% of the radicals which formed after 26 days of waiting; and 89% of them decayed after 57 days. It was determined that the EPR signals which formed after the irradiation could only be detected until the 140 th day maximum [14] .
EXPERIMENTAL
Pulverised IS was purchased from the companies producing chemical compounds with the support of Dicle University Scientific Research Projects (DUBAP) coordination. The irradiation processes of the samples to which any kind of operation was not applied after they had been purchased, were carried out (in the dose range of 0-15 kGy) in the Sarayköy facility of the Turkish Atomic Energy Authority (TAEK) at room temperature by using 60 Co gamma ray source. As for spectrum absorption processes; a Varian Line Century Series E109 X-band EPR spectrometer located in the EPR laboratory of Ondokuz Mayıs University was used. The spectrums of the powder samples were recorded at room temperature by putting them into a quartz tube with 4-5 mm diameter. The corrections of the slips of the spectrometer in the microwave frequency were corrected by taking the g value (g = 2.0036) of DPPH (Diphenylpicrylhydrazyl) radical as a reference.
RESULTS AND DISCUSSION
Drugs containing isoniazid, rifampicin, pyrazinamide and ethambutol hydrochloride are used in the treatment of tuberculosis which is a contiguous disease. The most used one among these is the isoniazid sample [15] . Some chemical properties of IS sample are given in Table 1 . The EPR spectra of the IS sample non-irradiated and irradiated at different doses are shown in Figure  1 . That any EPR signal is not observed in the non-irradiated sample and, on the contrary, that explicit EPR signals are obtained in the irradiated sample show that irradiation creates free radicals in the IS sample. Moreover, that the increase in the amount of radiation dose applied to the sample increases the peak-to-peak distance of the EPR spectrum signal reveals that it also increases the number of the radicals created in the sample after the irradiation.
Figure 1. EPR spectra of γ-irradiated IS at different absorbed doses
The literature compatible g value of the EPR spectrum which was dispersed in a magnetic field area with 5 mT value of the pulverised IS sample irradiated 15 kGy at room temperature was calculated to be 2.0016 [16, 17] . It was determined that the increasing radiation dose did not cause any significant change in the shape of EPR spectrum taken at room temperature, and also it did not change the g value either. It was observed that the resonance peak in the spectrum became more evident as the irradiation dose approached 15 kGy.
In order to obtain the dose-response curve of the IS sample, samples irradiated with gamma at 1, 5, 10, 12 and 15 kGy dose values were used. While the squares shown in Figure 2 define the experimental results, the curve defines the mathematical equation which is the closest to the experimental results. the IS sample. It was observed that the dose-response curve of the sample was quite compatible with polynomial, exponential and linear functions. The values of these three functions are given in the Table 2 . When the table was examined, it was determined that the obtained curve demonstrated the best compatibility with I = aD 2 + bD + c function. Here; I indicates the signal intensity measured from the EPR spectrum of the sample, and D indicates the amount of radiation dose applied to the sample. Furthermore, it is seen that the smallest value of R 2 is 0.8893 for the selected functions. The signal obtained through irradiation in the irradiated drugs has to be testable during the shelf life of the sample [7] . After the irradiation of the IS sample with gamma, EPR spectra at room temperature were recorded within a period of 196 days at definite intervals. While any distinct change was not observed in the shape and g value of the signal in the obtained spectra, a decrease in the intensity of the signal was detected. During this process, the sample was preserved hermetical in a dark environment and at room temperature.
It was attempted to determine the decaying of the free radicals formed in 15 kGy irradiated IS sample which was preserved as described above. The curve of the change in signal intensity of the irradiated sample within 200 days is shown in Figure 3 . The data shown with squares in figure demonstrate the experimental results. While the signal intensity drops to 78% at the end of the 124 th day, 41% of loss occurred at the end of 196 days. These data, even at the end of 196 days of the IS sample, show that whether it is irradiated or not can be determined when the EPR spectroscopy method is employed. 
CONCLUSIONS
That any signal is not observed in the EPR spectrum obtained from the non-irradiated IS sample yet recording significant signals in the spectra obtained after the radiation exposure of the sample clearly demonstrates that free radicals are formed in the IS sample after the irradiation. When the doseresponse curve of the sample is examined, calculation of the mathematical equations with correlation values that are very close to the experimental results enables us to calculate the value of the signal intensity of IS sample irradiated at any dose value with a very close probability. Moreover, having only 50% loss in the irradiated IS sample at the end of approximately 200 days shows that stable radicals are formed in the sample after the irradiation. This situation reveals that sterilisation of the IS sample with radiation is not suitable.
